ABSTRACT -The objective of this study was to identify secondary metabolite classes of tropical kudzu, perennial soybean and archer legumes through identification by phytochemical screening and confirmation by infrared (IR), 1 H and carbon-13 NMR spectroscopy of fractions obtained by organic solvents partition of crude extracts. These analyses allowed for proposing the presence of the following metabolite classes: reducing sugars, saccharides, saponins, cardiac glucosides, terpenes, coumarins, tannins, alkaloids and flavonoids. The tannins, saponins, alkaloids, organic acids and flavonoids had special consideration because they are toxic compounds and can affect the animal metabolism.
Introduction
In Brazil, livestock herds are essentially fed pastures because this is the most practical and economical way to feed cattle in this country. Therefore, the quantitative and qualitative improvement of pastures leads to increase in livestock productivity, directly impacting the competitive potential of the country (Silva & Saliba, 2007) .
The use of forage legumes, either in combination with grasses or as a monocrop, is one mechanism for achieving these improvements (Carvalho & Pires, 2008) . Some of the benefits provided by legumes are increase in biological nitrogen fixation, improvement of the diet and an increase in forage intake compared with grass pastures exclusively (Carvalho & Pires, 2008) .
The acceptability of legumes is directly related to the presence of secondary metabolites, which are non-fibrous natural substances that are also produced by plants under stressed conditions and that act as anti-nutritional factors (Gontzea & Sutzescu, 1968; Gobbo-Neto & Lopes, 2007) . Thus, they cause collateral effects on animal nutrition, interfering with nutrient intake, digestion, absorption and utilization (Allen & Segarra, 2001) .
The tropical kudzu, perennial soybean and archer legumes have demonstrated a remarkable production of dry matter (DM) and crude protein. Pádua et al. (2006) reported 6.03, 4.6 and 6.82 t DM ha −1 , from a single harvesting, and 15.42, 16.46 and 15.15% of crude protein content in the dry material of archer, perennial soybean and tropical kudzu, respectively. Although chemical analysis indicates good digestibility of forage legumes, especially when only the lignin content is considered, these legumes may not be acceptable for cattle feedstock because their chemical and physical structures impair their consumption, palatability and digestibility, which all compromise their nutritional value (Jerba et al., 2004) .
The objective of this study was to identify the main classes of secondary metabolites from archer, perennial soybean and tropical kudzu legumes using three phytochemical screening supported by the techniques: hydrogen nuclear magnetic resonance ( 1 H NMR), carbon nuclear magnetic resonance ( 13 C NMR) and infrared spectroscopy (IR).
Material and Methods
Experiments were carried out at the Forage Crops and Pastures Section at the Natural Product Chemistry laboratory of Universidade Federal Rural do Rio de Janeiro (UFRRJ), in Seropédica city, RJ/Brazil. Infrared spectroscopy spectra were recorded on a Nicolet-model 6700 IRFT spectrometer and 1 H NMR spectra (400 MHz) and 13 C NMR spectra (100 MHz) were recorded on Bruker Advance-II spectrometer.
The seeds of the legumes were sown in individual beds and were fertilized with 250 kg and 100 kg ha −1 phosphate (P 2 O 5 ) and potassium chloride (KCl), respectively, in January 2006. A uniform cutting and soil fertilization with 100 kg ha −1 of P 2 O 5 and KCl were performed according to Van Raij et al. (1996) .
The shoots of tropical kudzu (Pueraria phaseoloides), perennial soybean (Neonotonia wigttii) and archer (Macrotiloma axillare) were harvested in September 2007 and were then dehydrated in the shade. Due to the high moisture content of archer, this legume was dried in an oven at 55 °C for 16 h. All dried samples were subsequently ground in a Wiley mill (model Tecnal TE 680, Piracicaba, SP, Brazil) with a 1 mm mesh screen and taken to the laboratory for phytochemical analyses.
To obtain the crude extract of each legume, the dried and milled samples were extracted by maceration at room temperature with methanol, and the solvent was removed by distillation under vacuum with rotatory evaporator.
As the direct chromatographic analysis of crude extract is extremely difficult due to the complexity of the compounds, especially due to the presence of resins and other polymers, polar solvents are used to fractionate the extract. The use of a filtration column or another appropriate environment could easily enable its partitioning in less complex mixtures. This method uses successive washings with solvents of different polarities, which remove some groups of substances with similar properties from the mixture (Matos, 1988) .
To obtain the fractions, the crude extract of each legume was suspended in a separator funnel using methanol:water (8:2, v/v), and then, sample extracts were partitioned with hexane and ethyl acetate. The solvents of each fraction, hexane, ethyl acetate and hydromethanol, were removed using rotatory evaporator to obtain a residue whose yields were expressed as percentages ( Table 1) .
The extracts and partitions from each legume were subjected to phytochemical screening to identify the classes of secondary metabolites, according to methodology of Barbosa Filho (2001) . Physical methods of organic analysis ( 1 H and 13 C NMR and IR) were used to support the results obtained through chemical methods.
Samples of crude extracts and partitions were diluted in adequate solvent such as CDCl 3 , D 3 COD or DMSO-D 6 , according to the polarity, for 1 H and 13 C NMR analyses (approximately 10 mg and 100 mg per sample, respectively). The solutions were placed into glass tubes (5 × 15 mm).
To obtain IR spectra, solid samples (approximately 2 mg) were mixed in potassium bromide (KBr) and then ground and pressurized to obtain transparent pressed-disc, and the gum samples were then analyzed on a NaCl film, with 600-4000 cm −1 . The results of the screening were presented by crosssystem methodology: three crosses (+++) represent a large presence of the compound, two crosses (++) represent a medium presence, a single cross (+) represents a small presence or trace and a hyphen (-) means absence of the compound or an inconclusive result. The color, form and precipitate of each sample were evaluated by two researchers to define the presence or absence of the metabolites, and the intensity was obtained by comparisons among the partition/extracts of the studied legumes. The result from each metabolite class was confirmed by 1 H and 13 C NMR and/or IR analyses.
Each class of metabolites has characteristic signals, including specific chemical shifts in 1 H and 13 C spectra as well as the frequency of functional organic groups in IR spectra, which can be used to indicate the presence of these metabolite classes.
These analyses were performed on each class of compounds by observing characteristic absorptions in the spectra, and the number of crosses was recorded based on the abundance of signals compatible with the parts of compounds belonging to each metabolite classes. For example, the presence of saponin is indentified by the strong absorptions of sugars by 3500-3100 cm −1 (ν OH ), 1100-1200 cm −1 (ν C-O ) and of terpene moiety by 2900-2850, 1460, 1380 cm −1 (ν CH and δ CH of CH 2 and CH 3 ). This class of metabolites is identified in the 1 H and 13 C NMR spectra by the signals of sugars at δ H : 2.5 -5.5 ppm (CH 2 and CH) including doublet of the anomeric proton and  δ C 61 -88 and 99 -105 of (O-CH 2 and O-CH, and O-CH-O), respectively. The terpene moiety can be identified by signal between δ H : 0.8-2.4 and  δ C 14-60 ppm, in the 1 H and 13 C NMR espectra, respectively. The fractions or extracts that have carbohydrate as principal components yield spectra with those signals of sugars only. The tannins can be identified by absorptions of phenols and aromatic systems [3300, 1200, 1600-1450 cm 
Results and Discussion
These analyses of the presence of secondary metabolites in methanolic extracts and hexanic, ethyl acetate and hydromethanol partitions of each legume (Tables 2, 3 and 4) confirm the classes of secondary metabolites present in the three species of legumes studied here.
According to Givens et al. (2000) , the secondary metabolites are classified into two groups: 1) Toxic compounds that are present at low concentrations (usually less than 20 g kg −1 of dry matter) and that have negative physiological effects when absorbed by animals, such as neurological problems, reproductive failure, goiter, gangrene, other illnesses and fatalities. They are represented by alkaloids, cyanogenic glycosides, toxic amino acids, saponins, isoflavones and many other compounds.
2) Non-toxic compounds present in high concentrations (higher than 20 g kg −1 ), which have effects associated with decreased digestibility, palatability and animal feeding behavior. This class includes lignin, tannin, cutin, biogenic silica and volatile terpenoids.
Organic acids, reducing sugars, depsides, depsidones, coumarin by-products, steroids, triterpenoids, cardiac glycosides, saponins, saccharides, flavonoids and tannins were found in the studied forage legumes. It can be observed that archer differs from tropical kudzu and perennial soybean in its absence of alkaloids (Table 5) .
Secondary metabolites act as anti-nutritional and/or anti-qualitative factors, causing negative effects, losses and expenses, whose magnitude depends on the value of the animal or the number of affected animals (Allen & Segarra, 2001) .
Tannins are considered to be the main negative factor in legumes regardless of the acceptability of the legumes by the animal (Reed, 1995; Beelen et al., 2006; Lempp, 2007) . C NMR -carbon nuclear magnetic resonance; IR -infrared spectroscopy; PsM -perennial soybean methanolic extract; PsMH -hexanic partition from perennial soybean methanolic extract; PsMEA -ethyl acetate partition from perennial soybean methanolic extract; PsMM -hydromethanol partition from perennial soybean methanolic extract.
However, the saponins are able to produce stable foams in water, which can cause tympanism, reduce fermentation and cause hepatic photosensitivity. Sustained foams also indicate a bitter flavor, which decreases the acceptability of the legumes and intake by the animals (Ramos et al., 1998) . The depsides and depsidones in legumes are related to selectivity of forages and can negatively influence animal intake due to their bitter flavor (Baraúna et al., 2007) , acting in concert with tannins and saponins.
The presence of steroids and triterpenoids in these legumes can be directly associated with the reproductive performance of the flock due their contraceptive effects (Fracaro, 2004) . Coumarins have the same role, showing estrogenic and fungicidal activities (Agudelo, 2007) .
Organic acids act as triggers for the precipitation of Ca ions in the blood, causing hypocalcemia syndrome, muscle weakness, nephritis, kidney stones and gastrointestinal irritation in grazing ruminants and horses (Rosa & Fichtner, 1993) . However, the alkaloids can trigger some alterations in food ingestion and chewing, diarrhea, nervous symptoms and sudden death (Sousa & Irigoyen, 1999) .
Legume saccharides, including raffinose, stachiose and verbascose cause negative effects on monogastric animals (e.g., humans and experimental animals) such as flatulence and colic and intestinal ailments (Oliveira et al., 2001a; Oliveira et al., 2001b) .
Reducing sugars are problematic mainly for equines fed diets with a high concentrate content, since they eat nonstructural carbohydrates, producing excess lactic acid and gas. High concentrations of lactic acid cause water retention, reduce the lumen pH to values below 6 and increase the risk of digestive disorders, which are associated with osmotic diarrhea and colic ailments (Cohen et al., 1999) .
The nutritional value is affected by non-nutritional factors, but their analyses have not been previously considered in tests (the complexes of proteins with phenolic compounds have not been evaluated).
However, the hypothesis that there may be beneficial effects from secondary metabolites such as tannins and saponins should not be disregarded (Sliwinski et al., 2002) . Both tannins and saponins can be potentially used to mitigate ruminal methane production (Puchala et al., 2005; Min et al., 2006; Jayanegara et al., 2009; Goel & Makkar, 2012) ; furthermore, condensed tannins can be used as an alternative medicine to control the gastrointestinal helminths of ruminants (Min & Hart, 2003; Rojas et al., 2006) .
Conclusions
The presence of secondary metabolites such as tannins and saponins in the tropical kudzu, perennial soybean and archer legumes suggests the possibility of negative effects when they are used as feedstock. Screens for the metabolites catechins, lactones, purines and quinones demonstrated negative or inconclusive results due to difficulty and/or misreading due to the mixture of signals in the spectra. The other classes of secondary metabolites, such as organic acids, reducing sugars, coumarin by-products, depsides and depsidones, alkaloids, steroids, triterpenoids, flavonoids and cardiac glycosides (not including carbohydrates, amino acids, lipids, vitamins and minerals) can cause negative effects when used as feedstock, so these should be better monitored in animal feeding. 
